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December 13, 2000
Project 170-1

Ms. Dolly Potter U [ g ) % 6

Environmental Department ¢ ¢/ L + VRS TS

Solvay Minerals VN

P.0. Box 1167 | T E R R BN

Green River, WY 82935 o o ‘ - .
RS 27

Re: NO, BACT Review for Coal-Fired Calciners and Kilns : ) -

Dear Dolly: g\(é A

Air Sciences Inc. has completed the review of NO, controls previously required on
calciners and kilns in the U.S. This review is provided in anticipation of the possible fuel
switching of calciners Nos. 17 (two original kilns), 48, and 80 from natural gas to coal
(and ideally with the option of firing by either fuel). Our analysis carries through the
established EPA BACT selection process to the step of listing the feasible technologies,
which are “careful combustion control” and “low-NO, combustors.” We have not
carried the BACT analysis further because Solvay has the option of proposing either or

both of these as BACT for the fuel switching(or arguing that neither is necessafy. A

more quantitative BACT analysis is difficult because there is no 8stablished control
efficiency associated with either of these control methods.

/ o
“~oh/how

We would anticipate that the Wyoming BAQ (Bernie Dailey and Dennis Hemmer) would
agree with this BACT analysis. However, depending on the net change in NOj
emissions from the current calciner potential to emit (PTE), there may be disagreement
from the Federal Land Managers and EPA." If NO, emissions increase significantly
from the present PTE, the Federal Land Managers may argue that fuel type can be
considered part of the BACT analysis, and they may require a demonstration that the

savings in fuel costs (going to coal from natural gas) must be greater than th@iol
“NOx control cost threshold for BACT.

L)

Data from your 1995 switch from coal to natural gas on Stack 17 indicates a ten-fold
decrease in NOy. This implies that the switch back to coal would increase NOy.
However, the U.S. EPA concludes that the switch from natural gas to coal for cement

” The BACT review process as defined in "New Source Review Workshop Manual, Draft,"” Chapter B, October 1990
(BACT Guideline) states that “historically, EPA has not considered the BACT requirement as a means to redefine the
design of the source when considering available control alternatives. However, this is an aspect of the PSD permitting
process in which states have the discretion to engage in a broader analysis if they so desire.” This phrase could provide

an opening for the Federal Land Managers and EPA to argue that fuel switching (a design criterion) should be
considered in the cost analysis for emissions control.
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AIR SCIENCES INC.

kilns generally results in lower NO, emissions (see attached page from Chapter 11.6 of
AP-42). From discussions with a particular cement company that has made this fuel
switch, we have learned that the switch from natural gas to coal resulted in a decrease in
NO, emissions. Perhaps Solvay Minerals will find that the current technology coal
combustion systems will have the same NOy emissions result for them.

The BACT analysis is attached. If you have any questions, please call at your
convenience.

Sincerely,

Air Sciences Inc.

%&gfﬂﬂ%\«

Rodgér G. Steen
Principal

RGS:srh

Attachments

R:\projects_100+\170 - Solvay\01 — BACT for Fuel Switch\BACT results to Solvay.doc
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NITROGEN OXIDES BACT ANALYSIS
SOLVAY MINERALS
GREEN RIVER FACILITY
DECEMBER 13, 2000

BY
AIR SCIENCES INC.

THE BACT REVIEW PROCESS

The BACT analysis is performed in accordance with guidance provided in the U.S. EPA document
“New Source Review Workshop Manual, Draft,” Chapter B, October 1990 (BACT Guideline). The Major
Source BACT review process requires determination of BACT on a case-by-case basis with consideration
of the unique aspects of each source and is conducted in the following five-step, top-down process:

Identify all possible control technologies.

Eliminate technologically infeasible technologies.

Rank remaining control technologies by control effectiveness.
Evaluate the most effective control technology.

Select BACT.

e O o e »

In this analysis, the third and fourth steps are eliminated as there is no established control
efficiency related to the feasible control methods, and a quantitative cost analysis is not possible.

Step 1: Identify all possible NO, combustion control technologies.

The Solvay calcining process is addressed in the U.S. EPA Emissions Manual AP-42, Chapter
8.12. Under the “Emissions and Controls” section EPA states:

“Emissions of products of combustion, such as carbon monoxide, nitrogen oxides, sulfur
dioxide and carbon dioxide occur from direct-fired process heating units such as ore
calcining kilns and soda ash dryers. With the exception of carbon dioxide, which is
suspected of contributing to global climate change, insufficient data are available to
quantify these emissions with a reasonable level of confidence, but similar processes are
addressed in various sections of Chapter 11 of AP-42, Mineral Products Industry.”

There is no discussion of available control technology for the Trona industry in this chapter. The
Portland Cement (Chapter 11.6), Lime Manufacturing (Chapter 11.17), Diatomite (Chapter 11.22), and
Perlite (Chapter 11.30) sections of AP-42 were reviewed for NO, emission controls on other types of kilns
and calciners, and there was no information presented in any of these either regarding NO, emission
controls.

Reverting to general knowledge regarding the creation of NO in combustion processes, it is
generally considered to be from the process of nitrogen fixation at high temperature in the presence of
oxygen and to be a function of the amount of nitrogen bound in the fuel. General combustion NO, control
technology and methods include:

+ modification of process to minimize NO, formation {process design),

» control of combustion process to minimize NO, formation (operational practice), and
» conversion of NO, downstream of formation (add-on device, including SNCR and SCR).
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Step 2: Eliminate technologically infeasible technologies.

Whether or not there are true NO, emission controls for kilns by process design is speculative (Air
Pollution Engineering Manual, AWMA, 1992). Regarding cement kilns, the reference states:

“A mechanism for the control of NO, emissions from cement kilns has not been
established, although several possibilities exist.”

From this summary and the silence of EPA regarding a method of NO, control, it appears that any
control by process design would be only a very recent development. There appears to be no industry
consensus on the ability to provide NO, control by process design.

The EPA’s RACT/BACT/LAER Clearinghouse (RBLC) and two California control databases (Air
Resources Board BACT Clearinghouse and the Bay Area AQMD BACT Guideline) were searched on
December 5, 2000, for NO, controls presently in use in the U.S. There are 48 entries in the RBLC for
BACT determinations, no LAER determinations, and 5 RACT determinations. The California ARB
contributed two entries. Table 1 summarizes the types of controls listed in the Clearinghouse BACT for
kiln and calcining processes.

TABLE 1
INSTALLED NO,CONTROL TECHNOLOGIES AS LISTED IN THE CLEARINGHOUSE

Number of Cases in

Control Technology the Clearinghouse
No contro! 15
Careful combustion control 18
Low-NO, combustors 9

Urea spray into preheater combustion zone — SNCR
Conversion to add a pre-calciner

Steam injection, alkaline stream in venturi scrubber
Kiin afterburner

Wet scrubbers

Baghouse

N NN = 2 W

The two California determinations, which are not included in Table 1, were both for cement plants,
and both employed pre-calciners and good combustion practices.

The baghouse entries {Clearinghouse Nos. MT-12 and GA-0031) were lime kiins, and the facilities
used baghouses for particulate control. There was no BACT review for NO, so the entries are deemed to
be incorrect. In both wet scrubber entries (Clearinghouse Nos. MO-35 and UT-57) there was a NO,
control review, but with no required equipment modifications or add-ons for NO, cortrol. The wet
scrubbers were for particulate control, and these two cases are re-categorized as “careful combustion
control.” “Steam injection into burner” (Clearinghouse No. MI-197) was for a waste incinerator, and steam
injection into a Trona process is not feasible because of the need for a dry product. The kiln afterburner
(Clearinghouse No. CA-594) is a volatile organic control at a soit remediation kiln ard is ruled out as a
NO, control. The baghouse, scrubber, steam injection, and afterburner control methods are eliminated
from consideration as a NO, control.

The preheater kilns at lime and cement facilities are principally for the purpose of heat recovery
from the kiln exhaust and raise the thermal efficiency of the facility. Use of preheaters is a control
practice at least to the extent that kiln temperatures can be decreased, and less fuel is consumed per unit
of product because it is a more thermally efficient process. To the extent tha san.bpe recovered from
calciner exhaust on the Solvay calciners, the practice is already incorpoﬁﬁsulting NO,
control. Thus preheaters are eliminated from consideration as a NO, co oivay.
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There are two entries of urea injection which is a form of selective non-catalytic reduction (SNCR)
controt technology. The first is for a waste heat boiler following a rotary kiln (RBLC No. CA-628) and the
second for a kiln preheater (RBLC No NV-32). In both cases, the injection is into combustion flue gases
above 1,600°F (NALCO FuelTech, NO,OUT process). In these applications, the injection location is after
the kiln and before the heat recovery unit. In the case of the Solvay caiciners, the exhaust gases are
about 350°F, well below the level needed for reaction, so the desired reaction of urea with NO, would not
take place. Thus SNCR technology is infeasible for the Solvay calciners.

The remaining control methods that may be feasible include:

¢ careful combustion control

e low-NO, burners
Step 5: Selection of BACT for the Solvay calciners.

(At this point in the BACT analysis Solvay can either propose these as BACT for the re-firing
modification, or present an analysis of the relative value of each and perhaps determine that either or

both are not useful nor are BACT. Both methods are presumed to have some positive control effect, but
there are no generally accepted control efficiencies for either of these control methods.)
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11.6 Portland Cement Manufacturing

-

11.6.1 Process Descriptionl"

Portland cement is a fine powder, gray or white in color, that consists of a mixture of
hydraulic cement materials comprising primarily calcium silicates, aluminates and aluminoferrites.
More than 30 raw materials are known to be used in the manufacture of portland cement. and these
materials can be divided into four distinct categories: calcareous, siliceous, argillaceous, and
ferrifrous. These materials are chemically combined through pyroprocessing and subjected to
subsequent mechanical processing operations to form gray and white portland cement. Gray portland
cement is used for structural applications and is the more common type of cement produced. White
portland cement has lower iron and manganese contents than gray portland cement and is used
primarily for decorative purposes. Portland cement manufacturing plants are part of hydraulic cement
manufacturing, which also includes natural, masonry, and pozzolanic cement. The six-digit Source
Classification Code (SCC) for portland cement plants with wet process kilns is 3-05-006, and the
six-digit SCC for plants with dry process kilns is 3-05-007.

Portland cement accounts for 95 percent of the hydraulic cement production in the United
States. The balance of domestic cement production is primarily masonry cement. Both of these
materials are produced in portland cement manufacturing plants. A diagram of the process, which
encompasses production of both portland and masonry cement, is shown in Figure 11.6-1. As shown
in the figure, the process can be divided into the following primary components: raw materials
acquisition and handling, kiln feed preparation, pyroprocessing, and finished cement grinding. Each of
these process components is described briefly below. The primary focus of this discussion is on
pyroprocessing operations, which constitute the core of a portland cement plant.

The initial production step in portland cement manufacturing is raw materials acquisition.
Calcium, the element of highest concentration in portland cement, is obtained from a variety of
calcareous raw materials, including limestone, chalk, marl, sea shells, aragonite, and an impure
limestone known as "natural cement rock". Typically, these raw materials are obtained from open-face
quarries, but underground mines or dredging operations are also used. Raw materials vary from
facility to facility. Some quarries produce relatively pure limestone that requires the use of additional
raw materials to provide the correct chemical blend in the raw mix. In other quarries, all or part of
the noncalcarious constituents are found naturally in the limestone. Occasionally, pockets of pyrite,
which can significantly increase emissions of sulfur dioxide (SO,), are found in deposits of limestone,
clays, and shales used as raw materials for portland cement. Because a large fraction (approximately
one third) of the mass of this primary material is lost as carbon dioxide (CO,) in the kiln, portland
cement plants are located close to a calcareous raw material source whenever possible. Other elements
included in the raw mix are silicon, aluminum, and iron. These materials are obtained from ores and
minerals such as sand, shale, clay, and iron ore. Again, these materials are most commonly from
open-pit quarries or mines, but they may be dredged or excavated from underwater deposits.

Either gypsum or natural anhydrite, both of which are forms of calcium sulfate, is introduced
to the process during the finish grinding operations described below. These materials, also excavated
from quarries or mines, are generally purchased from an external source, rather than obtained directly
from a captive operation by the cement plant. The portland cement manufacturing industry is relying
increasingly on replacing virgin materials with waste materials or byproducts from other manufacturing
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facilities burn waste fuels, particularly spent solvents in the kiln, these systems also may emit small
quantities of additional hazardous organic pollutants. Also, raw material feeds and fuels typically
contain trace amounts of heavy metals that may be emitted as a particulate or vapor.

Sources of PM at cement plants include (1) quarrying and crushing, (2) raw material storage,
(3) grinding and blending (in the dry process only), (4) clinker production, (5) finish grinding, and
(6) packaging and loading. The largest emission source of PM within cement plants is the
pyroprocessing system that includes the kiln and clinker cooler exhaust stacks. Often, dust from the
kiln is collected and recycled into the kiln, thereby producing clinker from the dust. However, if the
alkali content of the raw materials is too high, some or all of the dust is discarded or leached before
being returned to the kiln. In many instances, the maximum allowable cement alkali content of
0.6 percent (calculated as sodium oxide) restricts the amount of dust that can be recycled. Bypass
systems sometimes have a separate exhaust stack. Additional sources of PM are raw material storage
piles, conveyors, storage silos, and unloading facilities. Emissions from portland cement plants
constructed or modified after August 17, 1971 are regulated to limit PM emissions from portland
cement kilns to 0.15 kg/Mg (0.30 Ib/ton) of feed (dry basis), and to limit PM emissions from clinker
coolers to 0.050 kg/Mg (0.10 Ib/ton) of feed (dry basis).

Oxides of nitrogen are generated during fuel combustion by oxidation of chemically-bound
nitrogen in the fuel and by thermal fixation of nitrogen in the combustion air. As flame temperature
increases, the amount of thermally generated NO, increases. The amount of NO, generated from fuel
increases with the quantity of nitrogen in the fuel. In the cement manufacturing process, NO, is
generated in both the burning zone of the kiln and the burning zone of a precalcining vessel. Fuel use
affects the quantity and type of NO, generated. For example, in the kiln, natural gas combustion with
a high flame temperature and low fuel nitrogen generates a larger quantity of NO, than does oil or
coal, which have higher fuel nitrogen but which burn with lower flame temperatures. The opposite
may be true in a precalciner. Types of fuels used vary across the industry. Historically, some
combination of coal, oil, and natural gas was used, but over the last 15 years, most plants have
switched to coal, which generates less NO, than does oil or gas. However, in recent years a number
of plants have switched to systems that burn a combination of coal and waste fuel. The effect of
waste fuel use on NO, emissions is not clearly established.

Sulfur dioxide may be generated both from the sulfur compounds in the raw materials and
from sulfur in the fuel. The sulfur content of both raw materials and fuels varies from plant to plant
and with geographic location. However, the alkaline nature of the cement provides for direct
absorption of SO, into the product, thereby mitigating the quantity of SO, emissions in the exhaust
stream. Depending on the process and the source of the sulfur, SO, absorption ranges from about
70 percent to more than 95 percent. )

The CO, emissions from portland cement manufacturing are generated by two mechanisms.
As with most high-temperature, energy-intensive industrial processes, combusting fuels to generate
process energy releases substantial quantities of CO,. Substantial quantities of CO, also are generated
through calcining of limestone or other calcareous material. This calcining process thermally
decomposes CaCOj; to CaO and CO,. Typically, portland cement contains the equivalent of about
63.5 percent CaO. Consequently, about 1.135 units of CaCO; are required to produce 1 unit of
cement, and the amount of CO, released in the calcining process is about 500 kilograms (kg) per Mg
of portland cement produced (1,000 pounds [Ib] per ton of cement). Total CO, emissions from the

pyroprocess depend on energy consumption and generally fall in the range of 0.85 to 1.35 Mg of CO,
per Mg of clinker.
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BACT Clearinghouse Lookup Resuits

Page 1 of 1

BACT Clearinghouse Database Lookup Results

3 Match(s) for Code 33
Calciner
Project Name & Description A/C Issue Date & ARB File —l Pollutant
No.
12/5/97
SOx

Celite Corporation
Diatomaceous earth calciner

(Detailed Information)

(A/C no. 9757)
A430-814-97

District Contact:

Donna Lewis

Santa Barbara County APCD
(805) 961-8877

{Detailed Control Information)
Gas absorption tower (aka. scrubber). Packed-bed
counter-current design using caustic as the solvent.

98% mass removal efficiency

IL

Nationai Cement Company
(Kiin modernization project)

340 MMBtu/hr kiln with pre-calciner for
cement manufacturing process

(Detailed Information

9/5/95
(A/C no. 1128004L)
AJ9(0-63K-05

District Contact:
William Lund

Kern County APCD
(805) 861-2593
kcapcd@co.kern.ca.us

Jowering temperating and residence time inside kiln

3.4 Ibm/ton of clinker
375 lbm/hr

NOx
{Detailed Control Information)
Pre-calciner addition to modified (shortened) kiln

Performance Information

[Lone Star Industries

Suspension preheater with precalciner and
rotary kiln

(Detailed Information;

7i29/86

(A/C no. 723-1)
A390-145-86
District Contact:
Fred Thoits

Monterey Bay Unified APCD
(408) 443-1135

NOx
(Detaited Contrel Information)
Oxygen control on combustion air to precalciner

250 1bm/hr

SOx
{Detailed Control Information)
Alkaline slurry injection system

250 Ibm/hr

Click here to return the CAPCOA BACT Search Page

http://arbis.arb.ca.gov/bactdb/Search.exe
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